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IONIZATION CROSS SECTIONS FOR NEUTRAL HELIUM ATOMS 

ON HELIUM, NEON, AND NITROGEN* 

Nyle G .  Utterback 
University of Denver 
Denver 10, Colorado 

Abstract:  The ioniza t ion  c ros s  sec t ions  f o r  He atoms 
on impact with H e  and Ne atoms and N2 molecules have 
been measured over the laboratory energy range from 40 
t o  1000 eV. The inc ident  atomic beam was produced by 
the technique of i on iza t ion  by e l e c t r o n  impact, e lec-  
t r o s t a t i c  acce le ra t ion ,  and n e u t r a l i z a t i o n  by charge 
t r a n s f e r .  The measurements were c a r r i e d  out i n  a low- 
pressure p a r a l l e l  p l a t e  i on iza t ion  chamber. P a r t i c u l a r  
a t t e n t i o n  was paid t o  the problem of secondary elec-  
t rons.  The ion iza t ion  cross  s e c t i o n s  obtained f o r  the 
He-He and He-Ne i n t e r a c t i o n s  were smaller than 5 ~ 1 0 ' ~ ~  
cm2 over the energy range s tud ied ,  and were thus one- 
to-two orders  of magnitude smaller than the N2-N2, 
N2-02 ,  and 02-O2 c ross  sec t ions  s tud ied  e a r l i e r .  The 
He-N c ros s  sec t ion ,  on the  o the r  hand, was found t o  
be o t the same order of magnitude a s  t h e  N,-N, c ros s  
s e c t  ion. 

1. In t roduct ion  

Three previous papers 1'2'3 have described the development of f a s t  

N2 and O2 molecular beams and t h e i r  a p p l i c a t i o n  t o  the measurement of 

the i o n i z a t i o n  cro88 section6 for  N2-N2, N2-02, 02-N2 and 02-O2 (neutral. 

on n e u t r a l s ) .  The present  paper r e p o r t s  an ex tens ion  of t h i s  work t o  the 

measurement of t he  He-He, and &-Ne,  and He-N2 i on iza t ion  c r o s s  sec t ions .  

*Suppoited by U.S. Nat ional  Aeronautics and Space Administration, Grant 

'N. Go Utterback and G,  H. Miller, Rev. Sci.  I n s t r .  32, llOl(1961). 

2N. G. Utterback and G. H. Miller, Phys. Rev. - 124, 1477(1961). 

NO. NsG- 50- 60. 

h. G. Utterback, Phys. Rev. 129, 219(1963). 
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The technique was the same 8 8  used p r e ~ i o u s l y , ~ ’ ~  and cons is ted  of 

th ree  bas ic  p a r t s .  

des i i ed  energy. 

t h i s  beam between the p l a t e s  of a p a r a l l e l  p l a t e  i on iza t ion  chamber. 

F i n a l l y ,  t he  e l e c t r o n s  ( o r  possibly nega t ive  ions)  produced i n  ioniz- 

ing c o l l i s i o n s  were m e p t  by the e l e c t r o s t a t i c  f i e l d  between the p l a t e s  

t o  the  c o l l e c t o r  p l a t e  and t h i s  cu r ren t  w a s  measured. 

t o  determine the  ion iza t ion  c r o s s  sec t ion  through knowledge of t he  inci- 

dent  beam i n t e n s i t y ,  t a r g e t  p a r t i c l e  dens i ty ,  guarded c o l l e c t o r  length ,  

8nd the  c o l l e c t o r  cu r ren t .  

ve r i fy ing  t h a t  the c o l l e c t o r  cur ren t  corresponded t o  ion iza t ion  e l e c t r o n s  

r a t h e r  than secondary e l ec t rons  produced a t  chamber sur faces .  

F i r s t ,  an atomic helium beam was produced having the  

Second, a He, Ne, or N2 gas t h i n  t a r g e t  w a s  provided f o r  

It was poss ib le  

The major experimental  d i f f i c u l t y  involved 

2. &-He Measurement 

The apparatus  used f o r  the He-He i on iza t ion  c r o s s  sec t ion  measure- 

ment was the  same as used previously f o r  N2-N2,  and the  technique was 

i d e n t i c a l .  The He-He measurement was considerably more d i f f i c u l t  due t o  

background problems caused by the  much smaller inherent  r eac t ion  c r o s s  

se c t i  on. 

The helium ions  were produced by bombardment of helium with 45 e V  

e l ec t rons .  

a s  a consis tency check as  i n  reference 3. The r e s u l t s  (15 x 10 cm 

f o r  100 eV ions) were cons i s t en t  with o ther  i nves t iga t ions .  

The charge t r a n s f e r  c ros s  sec t ion  for He+ i n  He was measured 
-16 2 

495 

4H. B. Cilbody and J. B. Hasted, Proc. Roy. SOC. A238, 334(1957). 

%. H. Cramer and J. H. Simons, J. Chem. Phys. - 26, 1272(1957). 
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The method f o r  ob ta in ing  the helium atom beam i n t e n s i t y  was  checked 

as previously'  by measuring the  secondary e l e c t r o n  m i s e i o n  c o e f f i c i e n t  

f o r  ions  (r) and n e u t r a l s  ( f )  from a gold sur face .  It was found t h a t  

)'+and rowere  equal  wi th in  20% above an energy of 400 eV. 

energy, rodec reased  smoothly toward zero while s a tu ra t ed  toward a 

value of 0.2 as  the  energy w a s  decreased. A t  1000 e V ,  r '+and  yowere 

Below t h a t  

about 1.4. Sa tura t ion  of the c ross  sec t ion  values  with t a r g e t  pressure 

and ion chamber e l ec t rode  po ten t i a l s  was achieved f o r  He-He. However 

i t  was necessary t o  go t o  higher  t a i g e t  pressures  (0.8 micron Hg) and 

gr id-  to- c o l l e c  t o r  p o t e n t i a l s  (1200 v o l t s )  than previously,  2 8 3  before 

s a t u r a t i o n  was achieved. 

Figure 1 shows the r e s u l t s  obtained f o r  

sec t ion .  The previously obtained curve2 f o r  

par ison.  'Ihe absc i s sa  i s  the center  of  mass 

p o t e n t i a l  for the  spec ies  involved, and thus 

over the  threshold.  For the N -N curve,  Ei 

Ei equa ls  24 .5 .  

2 2  

3. He-Ne Measurement 

the He-He i on iza t ion  c ros s  

N2-N2 i s  p lo t t ed  f o r  com- 

energy minus the  ion iza t ion  

corresponds t o  excess  energy 

equals  15.6, and f o r  He-He,  

The He-Ne measurement was made i n  the same manner as the  He-He,  

except t h a t  Ne w a s  used as the  t a r g e t  gas. In t h i s  case  some Ne wao 

present  i n  the  n e u t r a l i z a t i o n  chamber due t o  t a r g e t  gas e n t e r i n g  through 

the cup e x i t  ape r tu re .  The He in Ne charge t r a n s f e r  c r o s s  sec t ion  was 

measured and was found t o  be neg l ig ib l e .  This i s  cons i s t en t  with o the r  

work, 

+ 

6 The n e u t r a l i z a t i o n  was thus through the  r eac t ion  He+ i n  He. 

6W. H. Cramer, J. Chem. Phys. - 28, 688(1958). 
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Figure 1. H e - H e  Ionization Cross Section.  
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The He impurity i n  the Ne t a r g e t  gas a r i s i n g  from flow from the 

n e u t r a l i z a t i o n  chamber had neg l ig ib l e  e f f e c t  on the measured He-Ne ion- 

i z a t i o n  c r o s s  sec t ion ,  The He concentration was low, and t h e  He-He 

i on iza t ion  c r o s s  s e c t i o n  was always smaller than the  He-Ne c r o s s  sec t ion  

f o r  the same beam energy. 

Figure 2 shows the r e s u l t s  obtained f o r  the %-Ne i on iza t ion  c ros s  

s e c t i o n ,  again compared t o  N2-N2. 

absc i s sa  value w a s  taken t o  be 21.5 e V ,  

In t h e  case  f o r  He-Ne, Ei f o r  t he  

4. He-N2 Measurement 

The He-N2 measurement was made i n  the  same manner a s  the He-He,  with 

In t h i s  case,  t h e  N2 present  i n  the n e u t r a l i z a t i o n  

The He' i n  N2 charge t rans-  

N2 as the t a r g e t  gas. 

chamber d id  account f o r  some n e u t r a l i z a t i o n .  

f e r  c r o ~ s  s e c t i o n  was measured t o  be almost as g r e a t  (13 x 

100 cV) as the Be+ i n  He c ross  sect ion.  This is c o n s i s t e n t  with o ther  

work.7 It appeared however t h a t  the n e u t r a l i z a t i o n  by the N2 led t o  no 

incons i s t enc ie s  i n  the data .  

cm2 a t  

The He-N2 i on iza t ion  c r o s s  sec t ion  was so l a rge  t h a t  the He present 

i n  the t a r g e t  gas ( a r i s i n g  from the  n e u t r a l i z a t i o n  chamber) could be 

ignored. 

Figure 3 shows the r e s u l t s  obtained f o r  t h e  He-N2 i on iza t ion  c r o s s  

s e c t i o n ,  compared t o  N2-N2. 

15.6 f o r  both curves on Figure 3. 

The value Ei f o r  the absc i s sa  energy was 

7R, F. Stebbings,  P r iva t e  Communication. 
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Figure 2. He-Ne Ionization Cross Section. 
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FiLure  3 .  He-N2  I m i t a t i o n  Cross Section. 



5. Discussion 

The accuracy of the  da ta  presented i n  Figures 1, 2 and 3 should be 

about the same a s  i n  the  previous papers ,2s3 namely, +25%. 

the consis tency checks which are des i r ab le  have been completed a t  the 

time of writing of t h i s  paper, but  there  is nothing so f a r  t o  ind ica t e  

any g r e a t e r  uncer ta in ty .  

be published i n  the open l i t e r a t u r e  a t  a l a t e r  da te .  

Not a l l  of - 

It is expected t h a t  a more de t a i l ed  paper w i l l  

The most s t r i k i n g  f ea tu re  of the ion iza t ion  c ros s  sec t ions  is the  

l a rge  c ros s  sec t ion  occurr ing when a molecular spec ie s  i s  involved. 

It  may be noted t h a t  the  c ros s  sec t ions  f o r  N2-N2 and He-N2 are q u i t e  

s imi l a r  except f o r  the  s t r u c t u r e  In N2-H2. On the o ther  hand, the  

He-He and He-Ne cross sec t ions  are an order  of magnitude smaller. 

I t  appears t h a t  s t r u c t u r e  is present  i n  He-He curve. As in the  

case of N -N there  is no easy explanation f o r  such s t r u c t u r e .  The 2 2 '  

&-Ne and He-N curves by con t r a s t  are q u i t e  smooth. 2 

8 Berry has  found s t r u c t u r e  in the  ion iza t ion  e l ec t ron  energy 

d i s t r i b u t i o n  f o r  the  &-He ionizing i n t e r a c t i o n  which he a t t r i b u t e s  

t o  formation of intermediate  states. It is very l i k e l y  t h a t  the  

s t r u c t u r e  found here  i s  r e l a t e d  t o  the  e t ruc tu re  found by Berry.  
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